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(54) Catalytic decarboxylative cross-ketonisation of aryl- and alkylcarboxylic acids using  iron
catalysts

(57) In the presence of catalytic amounts of magnet-
ite nanopowder, mixtures of aromatic and aliphatic car-
boxylic acids are converted selectively into the corre-
sponding aryl alkyl ketones. As by-products, only carbon
dioxide and water are released. This catalytic cross-ke-

tonisation allows the regioselective acylation of aromatic
systems and, thus, represents a sustainable alternative
to Friedel-Crafts acylations.
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Description

[0001] The present invention pertains to a method to prepare Aryl- and Alkylcarboxylic Acids using Fe-catalysts.
[0002] Aryl alkyl ketones are among the most important synthons in the industrial manufacture of commodities, fine
chemicals, and pharmaceuticals. Simple derivatives, at early stages of the chemical value creation chain, are synthesised
almost exclusively via Friedel-Crafts acylation of arenes, because the low cost of this reaction is unrivalled to date.
However, two main issues are associated with this approach. Its low regioselectivity leads to the co-manufacture of
large amounts of isomeric byproducts, and the use of acyl chlorides as starting materials activated with super-stoichi-
ometric amounts of salt mediators (e.g., AlCl3) is responsible for the formation of enormous quantities of salt waste.
[0003] Regioselective and less waste-intensive acylations, e.g., cross-couplings of sensitive aryl metal reagents with
either preformed or in situ-generated carboxylic acid derivatives are widely used to access higher-value synthetic inter-
mediates. However, their high cost precludes their application in the manufacture of base chemicals. This is also the
case for alternative approaches, such as Heck-type reactions, or the Pd-catalysed decarboxylative cross-coupling of
alpha-oxocarboxylate salts with aryl halides.
[0004] Thus, a need remained for a broadly applicable, regioselective and waste-minimised aryl alkyl ketone synthesis
starting from simple, inexpensive, and widely available chemicals.
[0005] As a solution to this long-standing problem, a catalytic process in which two different carboxylic acids are cross-
coupled under release of CO2 and water, to selectively give the aryl alkyl ketones.
[0006] A first embodiment of the present invention pertains therefore to a method for the preparation of alkylarylketones
according to the general formula (I)

wherein R stands for a saturated or unsaturated, branched or linear alkyl or alkenyl moiety with 1 to 22 C-atoms, or an
aromatic or hetero aromatic moiety with at least 5 C-atoms; Ar stands for an aromatic moiety, and R’ represents a
hydrogen atom, or a saturated or unsaturated, branched or linear alkyl or alkenyl moiety with 1 to 22 C-atoms, and n is
Zero or a number of 1 to 4; comprising the steps

i) providing a blend of

(a) an aromatic monocarboxylic acid
(b) a second monocarboxylic acid, selected from benzylic or aliphatic monocarboxylic acids, or mixtures thereof,
and
(c) an iron containing catalyst, and
(d) a non-aqueous solvent;

ii) heating said blend to a temperature of at least 220 ˚C for at least 10 h and continuously remove water and CO2
from the blend during the reaction takes place,
iii) after the reaction is terminated, the blend is distilled under reduced pressure and the reaction product is obtained
in the distillate;

whereby the catalyst (c) comprises Fe2+ species or a Fe0 precursor.
[0007] In a decarboxylative cross-ketonisation according to the present invention, the carboxylate groups would pre-
define the position of bond formation, potentially allowing a selective synthesis of any desired regioisomer. If mediated
by catalytic amounts of an inexpensive metal with high selectivity for hetero-over homocoupling, the overall process
would be advantageous both from economical and ecological standpoints. The decarboxylative homoketonisation of
aliphatic carboxylic acids is an established strategy for the preparation of symmetrical dialkyl ketones or cyclic alkanones.
[0008] The selection of a proper catalyst (c) is the main feature of the present invention. First, it must be a catalyst,
irrespectively of its physical form (solid, liquid) containing a Fe2+ species or starting from a Fe0 precursor.
[0009] This catalyst should be preferably used in solid form, for example as a powder. It is also beneficial to select
those catalyst powders, having an average particle size of 1 - 500 nm, preferably with an average particle size of 1 - 50
nm and most preferable from 1 to 5 nm.
[0010] It is further an advantage to use a catalyst comprising a mixture of Fe2+ / Fe3+ species, and especially preferred
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are a mixed Fe2+/Fe3+ oxides. An example for such a mixed oxide is magnetite. Magnetite is a ferrimagnetic mineral
with chemical formula Fe3O4, one of several iron oxides and a member of the spinel group. The chemical IUPAC name
is iron(II,III) oxide and the common chemical name ferrous-ferric oxide. The formula for magnetite may also be written
as FeO·Fe2O3, which is one part wüstite (FeO) and one part hematite (Fe2O3). This refers to the different oxidation
states of the iron in one structure, not a solid solution. A useful catalyst is a commercially available PVP stabilized
magentite nanopwoder with an average particle size of 25 - 40 nm. The catalyst is used preferably in amounts from 5
mol% Fe2+ to 15 mol% Fe2+, calculated on the mols of all carboxylic acids (a) and (b) in the reaction blend.
[0011] The aromatic monocarboxylic acid (a) is one substrate for the method of the present invention. It is essential
that this acid contains at least one aromatic part or moiety. Various known aromatic monocarboxylic acids are suitable
in the method of the present invention. The term aromatic will also include heterocyclic aromatic substrates. Compound
(a) is preferably selected from the group benzene monocarboxylic acid, toluene monocarboxylic acid, halogen benzene
monocarboxylic acids, halogen toluene monocarboxylic acids, alkoxy benzene monocarboxylic acid, dialkylamino ben-
zene monocarboxylic acid, hydroxy benzene monocarboxylic acid, trifluoromethane benzene monocarboxylic acid or
heteroaromatic monocarboxylic acids as furanyl monocarboxylic acid or thiophenyl monocarboxylic acid or polycyclic
monocarboxylic acid as naphthalene monocarboxylic acid or any mixtures of these acids.
[0012] The second monocarboxylic acid (b) is selected from either benzylic or aliphatic monocarboxylic acids. The
preferably selected substrates of type (b) are chosen from benzylic monocarboxylic acid or linear or branched C8-C22
fatty acids. For the sake of it is noted that the benzylic acid (b) must be structurally different to aromatic acid (a).
[0013] It was found that good results will be achieved if the mol ratio of (a) to (b) is in the range from 1 : 2 to 2 : 1.
However, if almost equimolar mixtures of aromatic and aliphatic carboxylic acids are subjected to the above catalysts,
dialkyl and aryl alkyl ketones are obtained at least in a 1: 9 ratio. An especially preferred ratio is in the range from 1.5 :
1 to 1.1 : 1 and particularly 1.2 : 1.
[0014] The presence of a non-aqueous solvent (d) is also compelling. Examples of proper solvents are sulfolane,
tetraglyme, N-methyl-2-pyrrolidone or a eutectic mixture of diphenylether and biphenyl (Dowtherm®A). Other suitable
solvents are selected from quinoline, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone trichlorobenzene, 1,4-butan-
diole, tetradecane, mineral oil, naphthalene or an eutectic mixture of diphenylether and biphenyl. Mixtures of the above
mentioned solvents are also suitable.
[0015] The reaction is carried out at elevated temperatures, which is 200 ˚C and higher. The temperature during the
reaction step ii) is kept preferably between 250 and 380 ˚C, more preferably between 270 and 340 ˚C. It is further an
object to carry out the reaction using elaborate reaction technology such as gas phase reactions above 400 ˚C, or
continuous flow reactors, but it is also possible to carry out the reaction at lower temperature then 400 ˚C in the condensed
state.
[0016] Due to the probably detrimental effect of oxygen it is preferred to carry out the reaction under oxygen-free
conditions, which means to apply a N2 or Ar-atmosphere.

Examples

Synthesis of 2-phenyl-l-(3-tolyl)-ethanone

[0017] An oven-dried Schlenk flask was charged with magnetite nanopowder (< 50 nm, 590 mg, 98% purity, 2.50
mmol), 3-toluic acid (8.17 g, 60.0 mmol), phenylacetic acid (6.88 g, 99% purity, 50.0 mmol), and Dowtherm® A (100 mL).
[0018] The apparatus was evacuated and flushed with nitrogen three times. The reaction mixture was heated to reflux
(250 ˚C) overnight in a metal bath, while continuously removing CO2 and water in a slow stream of nitrogen. The mixture
was then distilled trap-to-trap (60-110 ˚C, 10-3 mbar) to give a clear, yellow distillate and dark brown residue. Compound
3aa was separated from Dowtherm® A
[0019] A by fractional distillation over a Vigreux column (Dowtherm® A: 55-60 ˚C, 10-3 mbar) and obtained as a pale
yellow oil that solidified to an off-white solid upon cooling (100-105 ˚C, 10-3 mbar, 8.43 g, 80%, as a 10:1 mixture with
1,3-diphenylacetone).
[0020] For spectroscopic characterization, the product was further purified by column chromatography (SiO2, ethyl
acetate/hexane gradient). The spectroscopic data matched those reported in the literature for 2-phenyl-1-(3-tolyl)-eth-
anone (CAS 95606-81-8) [compound (3aa) in table 1].
[0021] Further examples with different aromatic carboxylic acids where conducted. The different products are shown
in the following table 1:
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Conditions: 1 20 mmol 1, 100 mmol 2a, 0 05 mmol Fe3O4, 21 h, 250 ˚C, 2 mL Dowtherm A, isolated yields [a] 0 07 mmol
Fe3O4
[0022] According to the procedure as described in connection with compound 3aa reaction between aromatic mono-
carboxylic acids (in particular 3-methylbezene monocarboxylic acid) with different non aromatic acids of type (b) were
conducted.
[0023] The results are shown in the table 2:

Table 1

product yield [%] product yield [%]

80 43

65 83

69 27

69 80

83 32

78 64[a]

Table 2:

product yield [%] product yield [%]

78 53[a]
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Conditions: 1 20 mmol 1a, 1 00 mmol 2, 0 07 mmol Fe3O4, 280 ˚C, 21 h, 2 mL Dowtherm A, isolated yields [a] 72 h [b]
Mixture of isomers [c] 270 ˚C

Claims

1. A method for the preparation of alkylarylketones according to the general formula (I)

wherein R stands for a saturated or unsaturated, branched or linear alkyl or alkenyl moiety with 1 to 22 C-atoms,
or an aromatic or hetero aromatic moiety with at least 5 C-atoms; Ar stands for an aromatic moiety, and R’ represents
a hydrogen atom, or a saturated or unsaturated, branched or linear alkyl or alkenyl moiety with 1 to 22 C-atoms,
and n is zero or a number of 1 to 4; comprising the steps

i) providing a blend of

(a) an aromatic monocarboxylic acid
(b) a second monocarboxylic acid, selected from benzylic or aliphatic monocarboxylic acids, or mixtures
thereof, and
(c) an iron containing catalyst, and
(d) a non-aqueous solvent;

ii) heating said blend to a temperature of at least 220 ˚C for at least 10 h and continuously remove water and
CO2 from the blend during the reaction takes place,
iii) after the reaction is terminated, the blend is distilled under reduced pressure and the reaction product is
obtained in the distillate;

(continued)

product yield [%] product yield [%]

80 51[b]

86 70

85 76[c]

76 59

74 41
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characterized in that the catalyst (c) comprises a Fe2+ species or a Fe0 precursor.

2. A method according to claim 1, characterized in that the catalyst (c) is used in the form of a powder with an average
particle size in the range of 1 - 500 nm, preferably with an average particle size of 1 - 50 nm, and preferably 1-5 nm.

3. A method according to at least one of the preceding claims, characterized in that the catalyst (c) comprises a
mixture of Fe2+ / Fe3+ species.

4. A method according to at least one of the preceding claims, characterized in that the catalyst is a mixed Fe2+/Fe3+ox-
ide.

5. A method according to at least one of the preceding claims characterized in that the catalyst (c) is used in amounts
from 5 mol% Fe2+ to 15 mol% Fe2+, calculated on the mols of all carboxylic acids (a) and (b) in the reaction blend.

6. A method, according to at least one of the preceding claims, characterized in that the monocarboxylic acid (a) is
selected from the group benzene monocarboxylic acid, toluene monocarboxylic acid, halogen benzene monocar-
boxylic acids, halogen toluene monocarboxylic acids, alkoxy benzene monocarboxylic acid, dialkylamino benzene
monocarboxylic acid, hydroxy benzene monocarboxylic acid, trifluoromethane benzene monocarboxylic acid or
heteroaromatic monocarboxylic acids as furanyl monocarboxylic acid or thiophenyl monocarboxylic acid or polycyclic
monocarboxylic acid as naphthalene monocarboxylic acid.

7. A method according to at least one of the preceding claims, characterized in that the second monocarboxylic acid
(b) is benzyl monocarboxylic acid.

8. A method according to at least one of the preceding claims, characterized in that the second monocarboxylic acid
(b) is a saturated or unsaturated C8-C22 fatty acid, a branched or alicyclic monocarboxylic acid without heteroatoms
or an alicyclic monocarboxylic acids containing heteroatoms for example oxygen or sulfur atoms, an aryl alkyl
monocarboxylic acid as hydroxyphenyl alkyl monocarboxylic acid, alkoxyphenyl alkyl monocarboxylic acid, halo-
genphenyl alkyl monocarboxylic acid, a polycyclic monocarboxylic acid as naphthyl alkyl monocarboxylic acid.

9. A method according to at least one of the preceding claims, characterized in that the non-aqueous solvent is
selected from sulfolane, tetraglyme, n-methyl-2-pyrrolidone, quinoline, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyri-
midinone trichlorobenzene, 1,4-butandiole, tetradecane, mineral oil, naphthalene or an eutectic mixture of diphe-
nylether and biphenyl.

10. A method according to at least one of the preceding claims, characterized in that the temperature during step ii)
is kept between 250 and 380 ˚C, preferably between 270 and 340 ˚C.

11. A method according to at least one of the preceding claims, characterized in that the reaction step (ii) is carried
out for a period of time of 10 h to 24 h.

12. A method according to at least one of the preceding claims, characterized in that the reaction is carried out under
a N2 or Ar-atmosphere.

13. A method according to at least one of the preceding claims characterized in that the mol ratio of (a) to (b) is in the
range from 1 : 1 (1:2) to 5 : 1, preferred is a ratio of 1.2 : 1.
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